Severely resorbed mandibles with only cortical bone remaining can fracture during or after implant placement. This case series presents a technique to reduce the risk or the consequences of mandibular fracture. Seven patients with only cortical mandibular bone remaining were treated with the fixation of a titanium plate in the frontal surface previously to implant placement, during the same surgical procedure. Immediate completearch implant supported prosthesis were installed. Patient's systemic and local conditions that could influence implant survival were registered previously to surgery and during the follow up period. Biological and biomechanical complications were recorded. The condition of peri-implant tissues was evaluated. The follow-ups ranged from 12 to 84 months. Twenty-nine implants were placed and no implant failure or other biological complication was observed. The peri-implant tissue evaluation demonstrated most implants was surrounded by keratinized tissue (89.5%). No marginal recession (implant platform cervical to gingival margin) was observed. Probing depth was normal, ranging from 0 to 3 mm. Low scores of plaque index or bleeding on probing were recorded. Biomechanical complications evolved loosening of 4 prosthetic screws and 1 fractured. The use of a titanium plate for the fixation of severely resorbed mandibles with only cortical bone remaining was a safe treatment procedure, avoiding biological and major biomechanical complications in the treatment with immediate complete-arch implantsupported prosthesis.
Introduction
Rehabilitations with dental implants have been widely used in Dentistry, presenting high success rates (1) . The treatment for edentulism through completearch implant-supported prosthesis aims to overcome the limitations of the conventional mucossuported treatment. The main shortcomings of conventional complete dentures are related to prosthetic instability due to the continuous alveolar bone reabsorption, which might reduce masticatory efficiency, cause masticatory pain, and phonetic impairment (2) .
The reabsorption of the alveolar bone is characterized as a chronic, continuous, and multifactorial process, which involves local and systemic factors. The use of removable mucossupported prosthesis favors the process of bone resorption due to the transmission of the occlusal forces to the alveolar ridge, generating compression (3) .
The fracture of mandibles treated with complete-arch implant-supported prosthesis has been reported in the literature (4, 5) . It can generate great complications such as paresthesia, osteomyelitis, malunion, non-union, and prolonged functional and nutritional problems (4, 6) . Some systemic factors such as osteoporosis or other calcium-related deficiencies might favor the bone fracture. Postmenopausal women were considered with greater risk of bone fracture in previous studies (4) . The risk of fracture is greater when only cortical bone is present, because the structure is much more fragile. However, no study in literature has focused in this group of patients.
When the mandibular fracture occurs during implant placement, it is necessary immediate reduction and immobilization, which limits the implant placement at the same surgical procedure. The mandibular fracture may also occur after surgery, during function, as the presence of implants weaken the severely resorbed mandible (7) . This would lead to the need for a new surgical procedure, immediate mandibular fixation and, in most cases, the removal of the implant, because the fractured region is usually at the bone-implant interface. This might lead consequently to the loss of the prosthesis.
The clinical procedures presented in this case series were introduced to avoid the consequences mentioned previously. This technique consists in the fixation of a titanium plate in the frontal surface of the mandible previously to the implant placement, during the same Implant-supported prosthesis on mandible surgical procedure. Therefore, if the mandible breaks during the implant placement or after, during function, the mandible is already reduced, avoiding the several complications mentioned. The objective of this study was to report the survival of implants, periodontal characteristics and the biological and prosthetic complications treated with the above-mentioned technique.
Material and Methods
The local ethics committee approved this study (#262.935/2013). Seven patients were treated with mandibular immediate complete-arch implantsupported prosthesis with a titanium plate fixed at the frontal surface of mandible previously to the implant placement, because only a severely resorbed cortical bone did exist (Misch's D category -bone at basal level), from December 2010 to December 2016. Twenty-nine implants were placed (5 implants in 1 patient and 4 implants for each one of the other 6 patients) in 3 men and 4 women. Participants had a mean age of 63.8±6.4 years. The follow up periods ranged from 12 to 84 months. Patients 1, 2, 3, 4, 5, 6, 7 had follow-up periods of 84, 56, 55, 42, 34, 20, and 12 months, respectively. All participants aged 18 years or older. Patients were not excluded from the study because of possible medical and behavioral history or habits.
Treatment Description
The surgical procedure was performed in hospital environment with general anesthesia (Propofol 2.5 mg/kg, Cisatracúrio 0.15 mg/kg, and Remifentanil 1.0 mcg/kg) and nasotracheal intubation. Local anesthesia (Lidocaine 2%, 1:200,000) was used to improve vasoconstriction. Antibiotic (Cephalexin 500 mg) and anti-inflammatory (dexamethasone 4 mg) medications were ministered preoperatively. An extraoral incision was performed in the lower anterior region of mandible ( Fig.  1) , with bone exposure (Fig. 2) (Fig. 3) .
The implant site preparation and implant placement were performed according to the implant manufacturer's instructions (Fig. 4) . Mini conical abutments were connected to the implants (Fig. 5) . In some cases, due to limited mandibular height, guided-bone regeneration was performed, as in the illustrated case. Therefore, deproteinized bovine bone mineral (Bio-oss; Geistlich Pharma) was adapted around the implants and covered with a resorbable membrane (bio-guide; Geistlich Pharma) (Fig. 6) . The periosteum was sutured with resorbable and the skin with a nonresorbable suture. The post-surgical medications administered were Cephalexin (500 mg), Nimesulide (100 mg), and Paracetamol (750 mg). The conical abutments were assessed intraorally (Fig.  7) . The prosthetic impression and maxillo-mandibular record were performed with the aid of a surgical template. A metal-acrylic immediate complete-arch implant-supported prosthesis was confectioned and installed after 72 h. Panoramic radiographic exams ( Fig.   8 ) and intraoral photographs (Fig. 9) were taken after surgery and in the final follow up (12 months).
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examiner (V. F.) performed the measurements in order to reduce errors and establish reliability and consistency (9) .
Results
Concerning the patient risk factors, all participants presented at least one or a combination of controlled systemic diseases that could influence implant survival, as presented in Table 1 . Six participants had history of periodontal disease. Other local or systemic risk factors were not observed (Table 1) .
About the implant characteristics (Table 2) , all 29 implants placed had a sandblasted and acid-etched surface, and 25 of which were cylindrical shaped. Twenty-four had external hexagon platforms and diameter of 3.75 mm. Implant length varied from 8.0 to 11.5 mm, mostly with 9 mm (8 implants) or 10 mm (15 implants). Guided bone regeneration was performed in two patients (8 implants). All implants were placed with initial implant stability above 35 N.cm. No implant was lost during the follow up.
Concerning prosthetic characteristics (Table 2) , metal-acrylic prostheses were confectioned in the mandibular arches, in all cases opposing acrylic structures (6 mucossuported and 1 implant-supported complete denture). All participants wore a nocturnal interocclusal splint. No tooth, acrylic, or framework fracture was observed during the follow up. Mini conical abutments were used to connect the prosthesis to the implants. Mechanical complications identified were 1 screw fracture and 4 screw loosening. Even though the recall for maintenance was performed every 6 months, most of participants presented to less than one maintenance per year. The subjects did 
Prosthesis-Related Factors and Maintenance.
Prosthesis-related information involved material of confection, type of abutment, antagonist arch, prosthesis or screw fracture, screw loosening, hygiene difficulty, splint use, and maintenance were informed to the patients.
Clinical Parameters
The following clinical parameters were evaluated during the follow up visit:
Probing depth (PD) in millimeters: The presence of keratinized tissue (KT) at the midpoint of the buccal site of the implant (mm). The mucogingival line was taken as the apical limit. KT scores were categorized as absent, >0 and ≤2, or >2;
Marginal recession (MR) (in mm): The implant platform was considered as the cervical reference for marginal recession. MR was categorized as absent, >0 and ≤1, >1 and ≤2, or >2 mm;
Modified plaque index (MPi) at four aspects around the implants: score 0, no detection of plaque; score 1, plaque only recognized by running a probe across the smooth marginal surface of the implant; score 2, plaque can be seen by the naked eye; and score 3, abundance of soft matter (8, 9) ; Modified sulcus bleeding index (MSBi) at four aspects around the implants: score 0, no bleeding when a periodontal probe is passed along the gingival margin adjacent to the implant; score 1, isolated bleeding spot visible; score 2, blood forms a confluent red line on margin; and score 3, heavy or profuse bleeding (8, 9) .
All prostheses were removed prior to the clinical examination to ensure accurate data collection. Measurements for MPi, PD, MSBi, and MR were obtained at six sites (mesiobuccal, midbuccal, distobuccal, mesiolingual, midlingual, and distolingual). An average value of the six measurements was calculated for each implant. All the clinical parameters were obtained using a periodontal probe (PCV12PT; Hu-Friedy Inc.). A single and experienced not report high hygiene difficulty.
The peri-implant tissue evaluation (Table 3) showed that most implants was surrounded by keratinized tissue (89.5%), ranging predominantly from >0 to ≤2 mm (79%).
No marginal recession (implant platform cervical to tissue) was observed. Probing depth ranged from 0 to 3 mm, being most cases in the range >2 to ≤3 mm (66%). In the plaque index evaluation, the score I predominated (76%) since plaque was mostly recognized only when running the probe across the marginal surface of the implant. In the MSBi evaluation, no bleeding on probing (52%) and isolated bleeding spot visible (45%) predominated, respectively. No biological or biomechanical complication, such as mandible infection or fracture, was observed during the follow up. 
NIII -

Implant-supported prosthesis on mandible
Discussion
Bone reabsorption occurs continuously after tooth loss, causing significant reduction of the vertical and horizontal dimensions of the ridge. This might cause severe reabsorption of the jaws and presence of only cortical bone, which increases the risk of mandibular fracture associated with implant placement (4, 5) . Because of this, the mandibular fixation technique was developed to improve the prognosis of immediate complete-arch implantsupported prosthesis. The presence of the titanium plate is useful to avoid fractures during the implant placement or maintain the bone fixed if the fracture occurred (10) . If the mandibular fracture occurs after the surgical procedure, during function, the fixation avoids also the need for a new surgical procedure for repair (10) . It might also prevent the loss of the implant involved in the region of fracture. The subjects of this study did not present any mandibular complication such as fracture or inflammation. All patients reported being satisfied with the treatment, without any report of functional pain, limitation, or discomfort.
No implant was lost in the evaluated patients. According to previous studies, the success of dental implants depends on several risk factors. Among these factors are systemic diseases, depression, chronic periodontitis, head and neck radiotherapy, lack of initial implant stability, bruxism, smoking habits, hygiene, and short-length implants (11) . In this study, all participants presented at least one systemic disease considered as risk factor in the literature. However, all participants were controlled by medications and were submitted routinely to exams to check the disease condition. History of periodontal disease was present in 85% of the patients. However, besides it has been considered a risk factor in some analysis (12) , other studies presented high survival rates and no difference in the survival rates of implants placed in patients with history of periodontitis compared to patients not affected (13) . The absence of bruxism, smoking habits, high hygiene limitation, radiotherapy, or initial implant stability below the recommended for immediate loading (35 N.cm) might also help to explain the absence of implant failure.
The use of short or extra-short dental implants can be avoided in most cases when the mandibular fixation technique is adopted. In this study, the presence of the titanium plate allowed to the use of implants with lengths ranging from 8.0 to 11.5 mm and, because mandibular resorption is predominantly vertical, it was possible to place implants with regular diameter. Some studies have shown higher failure rates with short dental implants when compared with standard length implants (14) . However, a systematic review has shown greater risk only for extrashort implants (those shorter than 6 mm) (15) . Regarding the implant surface, all implants placed were sandblasted and acid-etched. Studies report that the use of implants with moderately rough surfaces significant improve the early biological response to osseointegration, providing greater predictability of success (16) .
The correct dissipation of the masticatory load might be an important factor for the clinical success of implantsupported rehabilitations. This is specifically important in the present scenario evaluated, due to the fragile characteristic of the cortical-only resorbed mandibles. These observations include considerations about prosthetic material, components, and antagonist arch. According to previous reports, the use of acrylic resin as a veneering material for the implant-supported prosthesis is more efficient to reduce the stresses in bone tissue, implants, and prosthetic structures when compared to ceramics, due to its lower Young's modulus (17) . As antagonists, 6 patients had a mucossupported denture and another a metal-acrylic complete-arch implant-supported prosthesis. That also leads to lower stresses in the implant-supported prosthesis and supporting structures when compared to ceramics or natural dentition as antagonists (17) . In addition, all participants wore a nocturnal interocclusal splint to protect the rehabilitation from oblique loads or concentrated contacts. In all cases, mini conical abutments were used to connect the prosthesis to the implants. The use of abutment optimizes the dissipation of occlusal loads through prosthetic and biologic structures when compared to prosthesis connected directly to the implants (18) .
Regarding the biomechanical complications observed during the follow-up, the loosening of 4 prosthetic screws and 1 screw fracture were recorded. These complications are commonly observed in clinical practice. Previous studies have reported that screw loosening is one of the most frequent complications in implant-supported rehabilitations (19) . A systematic review included also screw fracture as one of the most common mechanical complications in complete-arch implant-supported prosthesis (20) .
No biological complications were identified in this study. Biological complications have been reported in the literature as the most frequent cause of failure of dental implants (21) . Among the complications are the periimplant mucositis and peri-implantitis, which generate inflammation of soft and hard peri-implant tissues, followed by bone loss (21) . The presence of peri-implant KT is one factor pointed as important for a better prognosis in rehabilitations with dental implants (22) . In a retrospective study, it was observed that the absence of peri-implant KT was associated with gingival inflammation and bacterial plaque accumulation (23) . According to another report, implants that did not have peri-implant KT were more prone to plaque accumulation and MR, even in patients with adequate hygiene and periodically maintenance (22) . In this study, KT was present around most implants (89.5%), predominantly in a range > 0 to ≤ 2 mm (79%). This data associated with the low difficulty for hygiene reported by the patients can explain the absence of MR, low MPi score, and low bleeding on probing. MPi predominated in score I (76%) followed by scores II (17%), and 0 (7%). These data are in agreement with a previous study that evaluated complete-arch implant-supported mandibular prosthesis (24) , where score I predominated and scores II and 0 presented low percentage.
The absence of bleeding on probing (52%) predominated in the MSBi evaluation. The isolated bleeding points visible (score I, 45%) were comparable to a previous report that showed a range from 41.4 to 45.7% in this score (13) . According to a follow-up of 9 to 14 years in implant treatments, PD levels and pocket formation may be more common in areas without KT (25) . This might explain the adequate PD obtained in this study, where 100% of sites had measures >0 and ≤3 mm. The PD values of the present evaluation are comparable of those of a previous study in complete-arch implant-supported rehabilitation in which mean values between 2 and 3 mm predominated (13) .
Different from the conventional technique for full-arch implant-supported rehabilitation, the present technique requires some additional procedures such as the submission of the patient to a general anesthesia in the hospital environment, as well as the use of a titanium plate and the confection of a mandibular prototype, which increase the treatment cost. Moreover, a professional with skills in maxillofacial surgery is required for the procedures of mandible exposure and fixation. Another consideration about this technique is the limited use of the functional guide during the implant placement, as it is difficult obtain a correct adaptation over the exposed mandible. Therefore, the correct (or an acceptable) positioning of the implants is highly dependent on the professional experience.
The present study concluded that the treatment with a titanium plate fixation previously to implant placement followed by immediate complete-arch implant supported rehabilitation is a safe and viable treatment for severely resorbed mandibles with high risk to fracture because only cortical bone is remaining. No biologic or major biomechanical complications were observed in 7 patients with follow-ups ranging from 12 to 84 months.
Resumo
Mandíbulas severamente reabsorvidas com apenas osso cortical remanescente podem fraturar durante ou após a colocação de implantes. O presente relato de casos apresenta uma técnica para reduzir o risco ou as consequências da fratura mandibular. Pacientes com apenas osso cortical remanescente foram tratados com a fixação de placa de titânio na superfície frontal, previamente a colocação dos implantes, no mesmo procedimento cirúrgico. Próteses totais implanto-suportadas foram instaladas com carga imediata. Condições locais e sistêmicas dos pacientes que poderiam influenciar a sobrevivência dos implantes foram registradas previamente a cirurgia e durante o período de acompanhamento.
Complicações biológicas e biomecânicas foram registradas. A condição dos tecidos peri-implante foi avaliada. Sete pacientes completaram o período de acompanhamento, variando entre 12 e 84 meses. Vinte e nove implantes foram colocados e nenhuma falha ou complicação biológica foi observada. A avaliação do tecido peri-implante demonstrou que a maioria dos implantes possuía tecido queratinizado (89,5%). Nenhuma recessão marginal (plataforma do implante cervical à margem gengival) foi observada. Profundidade de sondagem mostrou-se normal, variando entre 0 e 3 mm. Baixos escores de índice de placa ou sangramento à sondagem foram observados. Complicações biomecânicas envolveram perda de 4 e 1 fratura de parafusos protéticos. O uso da placa de titânio para fixação de mandíbulas severamente reabsorvidas com apenas osso cortical remanescente pode ser considerado tratamento seguro, evitando alterações biológicas e maiores complicações biomecânicas no tratamento com próteses totais imediatas implanto-suportadas.
